ABSTRACT The parasitoid complex associated with the exotic leafminer Cameraria ohridella Deschka and Dimic (Lepidoptera: Gracillariidae), which attacks horse chestnut (Aesculus hippocastanum L.), was studied in the urban environment of Turin (northern Italy). The studies were carried out over 5 yr after the Þrst detection of the pest in our region in 1999. To evaluate parasitism, 438,029 leaf mines were examined over the 5-yr period, of which 29,033 were found to be parasitized (6.6%). Also, ornamental broadleaf trees attacked by other native gracillariid leafminers and located in the proximity of the target horse chestnut trees were sampled. A total of 11 parasitoid species (Hymenoptera: Eulophidae) were recorded on C. ohridella, and the most common species were Minotetrastichus frontalis (Nees), Closterocerus trifasciatus Westwood, and Pnigalio agraules (Walker). The Þrst species accounted for Ͼ77.5% of all parasitoids collected. Cirrospilus talitzkii Bouč ek was found for the Þrst time in 2005. The high population level of the pest and the low parasitism rate show that the parasitoid complex is currently inadequate to contain C. ohridella populations effectively. The most frequent parasitoids of the moth were also found on the most common broadleaf trees in the studied area, showing how native leafminer parasitoid species are able to switch to other hosts. These results show that both native and broadleaf plants species may potentially provide an important reservoir of parasitic wasps to help protect a simple biotope, such as the urban environment, from pests.
Leafminers are insects whose larvae feed inside the leaf, between the two epidermal layers, and they comprise an important and often conspicuous element of the fauna of deciduous trees. Various species in the orders Lepidoptera, Diptera, Coleoptera, and Hymenoptera occur as leafminers on temperate deciduous trees, but members of the Lepidoptera are by far the most numerous (Rott and Godfray 2000) .
In addition to the Phyllonorycter and Phyllocnistis species long noted as pests, in recent years, the microlepidopteran Cameraria ohridella Deschka and Dimic (Lepidoptera: Gracillariidae) has caused heavy damage to the foliage of horse chestnut trees, Aesculus hippocastanum L., in many European countries. The horse chestnut leafminer was discovered in 1984 (Deschka and Dimic 1986) , from which it has since colonized almost all of Central Europe. It was found for the Þrst time in Italy in 1992, where it colonized all the northern regions, reaching the Piedmont region in 1999. C. ohridellaÕs activity causes a premature leaf fall. The leaves are extensively mined by the larvae between late April and the end of October through three to four generations (Butin and Fü hrer 1994, Freise and Heitland 2001) , reducing the amount of photosynthetically active tissue. In summer, defoliated horse chestnut trees are already common; however, the anticipated dieback of adult trees has not been observed thus far (Thalmann et al. 2003) .
In general, the main enemies of leafmining insects are parasitic Hymenoptera, which penetrate the mines with their ovipositors and lay their eggs in or on the bodies of the mining larvae. The adult females destroy many host larvae directly by feeding on the body ßuids of larval leafminers. These Hymenoptera belong mostly to the Chalcidoidea, especially to the family Eulophidae, whereas the Ichneumonoidea are generally much less represented (Askew and Shaw 1974) .
Insect herbivores introduced into foreign locations can spread rapidly, which should encourage the rapid accumulation of native parasitoids. However, the latter may need to evolve phenological, behavioral, or ecological specializations before they can colonize hosts as invaders. That is why these parasitoid complexes may therefore be less rich with a slower species accumulation during the early stages of hostÐparasi-toid associations. In addition, of those parasitoids that successfully colonize a new invasive host, the expectation is that generalists, which can switch hosts more easily, will initially be more successful (Cornell and Hawkins 1993) .
Chemical control of this pest is not entirely feasible. At present, besides systemic insecticidal treatments and the disposal of dry leaves in the autumn, the parasitoids and their efÞcacy may represent the only effective method for the re-establishment of the natural balance.
The aim of this study is to present the community of native eulophid parasitoids associated with this exotic leafminer over a 5-yr period (2001Ð2005) in the urban environment. Broadleaf plants attacked by other native gracillariid leafminers and located in the proximity of the infested horse chestnut trees were sampled to evaluate the pool of the parasitoid species and the host plants used by native parasitoids.
Materials and Methods
Field. Ornamental broadleaf trees attacked by leafminers and located in the proximity of the target horse chestnut trees were sampled in the Þrst year to understand the host complex used by native parasitoids. Only leafminers belonging to the family Gracillariidae were considered. All the plants were located in public parks, and shrub species were not examined.
Two hundred leaves from each species were collected once a month using lopping shears; leaves growing above a height of ϳ3 m were not sampled.
Field collections on horse chestnut trees were undertaken from 2001 to 2005 in Turin (northwestern Italy; 45Њ03Ј N, 7Њ40Ј E) from June to September. Nine locations, including public parks and avenues of horse chestnut trees, were randomly chosen. Forty-Þve leaves of A. hippocastanum were collected at random according to the height of the foliage (15 leaves in the low canopy, 15 in the medium canopy, 15 in the high canopy). At each site, the leaves were collected from three plants. All the localities were visited weekly. The leaves were taken with the aid of a lopping shears and an elevating system, respectively, in the low and medium-high canopy. In both cases, the collected leaves were put in plastic bags and taken to the laboratory for examination and analyses.
At the end of October of the last 3 yr, samples of horse chestnut leafminer pupae overwintering in leaves were collected from the lower branches with the aid of a lopping shears. Leaf collection was made in two places: Turin and Grugliasco (TO; northwestern Italy; 45Њ04ЈN, 7Њ34Ј E). The parts of the leaves with the mines were cut out and kept in three cardboard boxes. Each box, containing 1,000 mines, had two holes on a side connected to glass test tubes to detect the emergence of the parasitoids. The boxes were kept outdoors, until the following spring, to have temperature and humidity conditions similar to those present in nature.
Laboratory. Samples collected in the Þeld during the vegetative season were observed under a microscope for the presence of mines (either occupied or abandoned), leafminer larvae and pupae, and parasitoid immature stages. Each mine was opened, and the larval and pupal parasitoids were taken with the aid of a Þne brush and reared in glass test tubes closed with a moistened cotton cap, and the test tubes were incubated in a climatic chamber (T ϭ 24 Ϯ 1ЊC; RH ϭ 60 Ϯ 5%; L 16:D 8). For the larvae it was necessary to cut the mined portion from the remainder of the leaf. The adult parasitoids that had just emerged from the rearings were killed with ethyl acetate and stored in 70% ethanol in small glass test tubes. These parasitoids were classiÞed, and individuals of uncertain identity were prepared for taxonomic determination. Voucher specimens were deposited at the Entomological Laboratory located in the Di.Va.P.R.A. department.
Data Analyses. Correlation between the total number of mines and the number of the parasitoids and between mines and parasitoids referred to the foliage heights was assessed using Pearson correlation method. Data were transformed using ARCSIN [SQRT(x)] and analyzed by one-way analysis of the variance (ANOVA) with mean separation by StudentNewman-Keuls.
All analyses were performed using the software SPSS 13.0.
Results

Abundance of Native Parasitoids in Other Leafminers.
In all the sampled sites, the most frequent broadleaf trees were planes, limes, blackthorns, elms, and oaks, with smaller numbers of poplars, willows and ashes. Eleven leafminer species were recorded from the study site (Table 1) ; only one leafminer species was recorded for every tree, except for Populus spp. and Quercus spp., on which two and four leafminer species were recorded, respectively. All the leafminer species recorded are common and widespread in our territory. The parasitoids found belonged to seven species, all of them of the family Eulophidae. The most frequent species was Minotetrastichus frontalis (Nees), which was associated with all the leafminers recorded. Also Closterocerus trifasciatus Westwood, and Pediobius saulius (Walker) were frequent. Cirrospilus variegatus (Masi) was found only on Phyllonorycter messaniella (Zeller). The biocenotic relations between the most frequent parasitoids (numbers are the proportion of overall parasitism contributed by the respective species) and the autochthonous leafmining moths are shown in Table 1 .
Abundance of Parasitoids in Horse Chestnuts. From a total of 438,029 mines, housing 308,874 apparently healthy leafminer larvae and pupae, 29,033 parasitized specimens, and 2,613 dead larvae were found in 97,200 compound leaves sampled. The parasitoid complex found in the samples and its incidence rate (%) are given in Table 2 .
Eleven species of parasitoids from the family Eulophidae were found parasitizing C. ohridella; they all belong to the family Eulophidae. The composition of the parasitoid complex was very similar in all sampled locations and varied little from 2001 to 2005. The most frequently collected Chalcidoid was M. frontalis. Overall, this parasitoid accounted for 77.5% of all parasitism during the study and was recorded in every sample collected in the study. It is a gregarious larval parasitoid, with as many as eight parasitoids occurring on a single host.
Other parasitoid species collected regularly were C. trifasciatus and Pnigalio agraules (Walker). They are both solitary parasitoid of larvae and pupae. The former accounted for an increasing proportion of total parasitism over time, reaching 9.5% of all parasitism in 2005. The latter species, in contrast, after comprising 12.7% of parasitism in 2001, decreased considerably in subsequent years. The remaining parasitoids were infrequent, comprising Ͻ1% of total parasitism. Minotetrastichus platanellus (Mercet), which was not found before 2003, increased its parasitization rate from 0.8 to 7.5%. C. talitzkii Bouček has never been recorded in northwestern Italy since 2005, when 58 individuals were found for the Þrst time. A few specimens of the eupelmid Eupelmus urozonus Dalman were found only in 2001.
No egg parasitoids of the moth were found, and cases of hyperparasitism were generally uncommon. Of 29,033 parasitized leafminers, the frequency of hyperparasitism was 0.08%.
The statistical analyses indicated a positive correlation between the total number of mines counted in each site and the number of parasitoids detected (Pearson correlation ϭ 0.942; P Ͻ 0.01). Height of foliage did not signiÞcantly affect either parasitism, nor leafminer population (Pearson correlation ϭ 0.087; P ϭ 0.410; Pearson correlation ϭ 0.106; P ϭ 0.127). The summer trend of the appearance of both the mines and the parasitoids, related to the height of the foliage, is shown in the Fig. 1 .
From the data collected it is possible to see a general correlation between the phenology of the leafminer and the various parasitoid species. Because the trend was similar in all the 5-yr period, the distribution of the most common parasitoids (M. frontalis, C. trifasciatus, P. agraules, M. platanellus, and C. talitzkii) during 2005 is given in Fig. 2 , as representative of the entire study period. All the species were found after June, and their numbers increased steadily, reaching a maximum in August. From the end of August onward, a marked decrease was clear. The only exception is C. talitzkii; in contrast to the other parasitoids, this species was recorded from August onward and reached maximum abundance in September. In comparison with the other species, it attacked the leafminer later and for a shorter period of time.
Emergence of Parasitoids After Diapause. The emergence of the Þrst parasitoids was recorded on average at the beginning of February and by the beginning of May Ͼ90% of parasitoids had emerged in the cages. A total of seven parasitoid species were identiÞed in the overwintering pupae of C. ohridella (Table 3 ). All the individuals belonged to the family Eulophidae. The average parasitism of the overwintering generation was lowÑ only 2.4, 2.9, and 3. 1%, in 2003, 2004, and 2005, respectively . The Þrst parasitoid species to emerge and also the most common species was M. frontalis.
Discussion
The parasitoid complex found is quite common in Europe; all the identiÞed species have already been reported as parasitoids of C. ohridella. Parasitoids be- The results of our studies did not show any changes in the parasitoid complex over the years since the Þrst detection of the pest. The identiÞcation showed that, with the single exception of a few specimens of the eupelmid E. urozonus found only in 2001, the other parasitoids are all eulophid Hymenopterans. Minotetrastichus frontalis, C. trifasciatus, and M. platanellus were the most common species, especially in the last survey year, whereas other species such as Sympiesis viridula Thomson, Cirrospilus viticola (Rondani), and S. sericeicornis (Nees), occurred rarely.
On average, 9 of the 11 observed species typically accounted for Ͻ6% of all parasitism. According to Vercher et al. (2005) , when an invading host reaches high population densities in a new area, minor species of parasitoids may represent incidental attacks simply because the invader is abundant. Such incidental attack would not occur at lower population densities of the new host.
All the species found are indigenous and polyphagous parasitoids, except for C. talitzkii. The latter, in fact, was found for the Þrst time in Europe in Bulgaria in 2001, in Greece and Italy in 2002, in Austria and southern France in 2003 (Grabenweger et al. 2005a) , and in Serbia in 2004 (Stojanović and Marković 2004) . The genus Cirrospilus, to which this parasitoid belongs, is represented by 13 species in Italy (Pagliano and Navone 1995) . Some of the hosts of C. talitzkii are the leafminers Phyllonorycter corylifoliella Hü bner, P. malella Gerasimov, P. blancardella Fabricius, and Leucoptera malifoliella Costa (Radeghieri et al. 2002) . In Turin, C. variegatus and C. viticola were the only two species of this genus emerging from C. ohridella before 2005. The parasitoids obtained from the overwintering pupae were the same species collected in the course of the year, with M. frontalis as the dominant species. It is noteworthy that both C. nephereus and. C. viticola seem to use the new host especially in the autumnwinter period, as shown in Tables 2 and 3. The results obtained here are similar to those of other authors, except that no ichneumonid or braconid species were observed. The same parasitoid complex reported in this study was found in samples collected in other Italian (Del Bene and Gargani 2003 , Marchesini et al. 2002 , Lupi 2005 and European areas (Reider Saly et al. 1999 , Klára et al. 2001 , Grabenweger et al. 2005b ). Most of these authors reported M. frontalis as the dominant species, which means that it may be considered as the most abundant and widespread species attacking the leafminer. From the data presented it should offer the best chances for positive results in a biological control of the leafminer as it seems to be the most common and likely better adapted parasitoid than the other species.
Leafmining insects typically exhibit a larger parasitoid species load than both free-living species and borers (Urbaneja et al. 2000) . For example, Askew and Shaw (1979) found levels of parasitism Ͼ50% on different Phyllonorycter species. By comparison, the level of parasitism in C. ohridella is very low, and the lack of natural enemies seems to be one of the main reasons for the build-up of large pest population densities . The highest parasitization values were those found in Serbia and Macedonia (Freise et al. 2002) and in Austria (Grabenweger and Lethmayer 1999) . However, the percentage of parasitization in both regions did not exceed 25%.
Even if parasitoids are considered as the most important natural enemies of leafminers (Grabenweger et al. 2005b ), our observations showed that they did not have a marked effect on C. ohridellaÕs population. The parasitism percentage was equal to 1.4, 1.8, 9.3, 14.7, and 5.4% in the 5-yr period. Even if in few samples, it reached high values; for example, 40.0% in the samples collected in 2004 in a park of the city, the parasitism rate found in Turin is apparently not sufÞcient to control C. ohridella populations.
Several reasons for the failure of the leafminer control by parasitoids have been proposed. There is evidence that leafminer parasitoids search suitable host trees rather than particular host insects (Askew and Shaw 1974) . Furthermore, the toxic substances of A. hippocastanum consumed by the leafminer larvae may protect them against natural enemy attack ( Grabenweger et al. 2005a ). In addition, the phenology of the parasitoids is not synchronized with the development of the leafminer in springtime (Grabenweger 2004) , which may hamper parasitism in the Þrst generation. However, height of mines within trees does not seem to affect parasitism. Parasitism rates did not vary in response to height within trees, although several studies indicate that leafminer abundance is greater in the lower portions of the canopy (James 1968 , Miller 1973 .
Even if the parasitism rates did not reach high values, this work shows how native leafminer parasitoids species are able to switch to this new host shortly after the Þrst detection in the surveyed area in 1999. According to Cornell and Hawkins (1993) , new invaders may also act as foci for the assembly of native species that can use them as resources.
When C. ohridella arrived in Turin, it was rapidly accepted as a host by some indigenous parasitoids of other leafmining moths. One year after its arrival, seven species of parasitoid were already found on C. ohridella. The native parasitoid species that act on invading herbivores are likely to be those that attack similar hosts with a similar ecology (Vercher et al. 2005) . The data presented in Fig. 2 follow this trend. Minotetrastichus frontalis, the most frequent parasitoid of C. ohridella, was found on all the other gracillariid leafminer species that were evaluated, and C. nephereus and P. saulius also occurred frequently on these hosts. In fact, M. frontalis has been reported from Ͼ60 different hosts (Grabenweger 2004 ). This species probably occurs in a wide range of habitats and is able to move to C. ohridella from other host species throughout the season.
The parasitoid complex recorded on the leafminer populations in our region seems to have changed little since 2001; only C. talitzkii was recently recruited into the complex but for the time being its percentage of parasitism is very low. According to Vercher et al. (2005) , the low percentage of parasitism may be attributed to the lack of the native species to the new invading host, but in part it could also be caused by density effects as well, because many parasitoids exhibit negative density dependence at very high host density. Probably, it is still early to establish an equilibrium and native parasitoids need more time to adapt and integrate to the new host; however, these results underline the great value of the native fauna in preserving biodiversity and at the same time the importance of having different ornamental plants in the same urban environment to act as effective reservoirs of natural enemies.
Broadleaf plants, with their varieties of hosts, help to maintain an important parasitoid complex of leafminer communities, which can play a major role in controlling noxious species.
